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AGN accretion disc – the `broad’ Fe Kα line

MCG-6-30-15: Tanaka et al. (1995)

. Hard X-rays illuminate ‘cold’ inner accretion disc

Broad Iron Kα seen by Reflection



MCG-6-30-15 – extraction of energy from a spinning black hole?

XMM-Newton EPIC

Spinning black hole?

XMM-Newton RGS

(Blandford &  Znajek 1977)

Wilms et al. (2001). Branduardi-Raymont
et al. (2001).

Fabian et al. (2002)



“Narrow” Iron K lines only in NGC 4151 and NGC 5548

Schurch et al. 2002
Energy (Energy (keVkeV))

NGC 4151 

EPIC-pn

NGC 5548 EPIC
Pounds et al. (2003)

Yaqoob et al. (2001)









Ionised Lines



Highly Ionised Fe K Absorber in Mrk 766 -
Evidence for Flare Ejecta?

Low flux

High flux

Fe XXVI →

Fe XXVI absorption only in high flux (“flaring”) state

Spectra extracted on
count rate

EPIC-pn



A Highly Ionised, Relativistic Outflow in PG 1211+143

PG 1211+143, z=0.081, EPIC-pn XMM-Newton data reveal a
large, highly ionised outflow

ξ~ 103.4 and NH ~ 5x1023 cm-2

outflowing at ~0.1c

Mass-loss rate ~ 0.1 M⁄ yr-1

K.E. ~ 1043 erg s-1 (10% Lx)

Similar flows in the BAL
quasars APM08279+5255 &
PG1115+080 (Chartas et al.
2003)

↓

Fe XXVI Lyα



Iron K-shell absorption in the Quasar PDS 456

Ratio to a Power-law model

Fe XVII – XXIV→

Fe XXV / XXVI →

Highly Ionised Iron K edges



Broad X-ray Absorption Features in PDS 456

XMM-Newton RGS (Reeves et al. 2003)

↓

↑

Fe XX-XXIVFe XX-XXIV
Ne  XNe  X

Ne IXNe IX

↓

Derive ξ~ 103 and NH ~ 1024

cm-2 outflowing at ~0.15c !

If hard X-rays driving
outflow, mass-loss rate ~ 10
M⁄ yr-1

For 10% covering factor,
outflow K.E. ~ 1046 erg s-1

(10% Lbol)



Outflow geometry and driving mechanism

BAL model (left) driven by radiation-pressure. Large, high-
ionisation, outflows harder to drive. Need bound-free and/or
Compton scattering.

Alternative is magnetic field driving. Significant energy in
magnetic field in PDS456.

Flow along BH axis?Flow along disk plane
(BAL) ?



Highest spatial resolution is
needed to resolve iron K
band components:-
relativistic  line, narrow
line, ionised components
and absorption lines and
edges.

Calorimeter resolution
needed (with Δν=100-300
km/s) at 6 keV - Astro-E2
XRS and Constellation-X



Conclusions - Observations of the iron K line

• The broad relativistic (extremal Kerr?) appears robust in MCG -6-30-15.

• Generally, the simple redshifted broad line scenario (circa ASCA) appears
too simplistic.

• Ionised iron K line components are observed in several AGN (Mrk 205, Mrk
509, NGC 5506, F9, NGC 7314). Origin in an ionised disc?

• “Narrow” iron K line appears almost ubiquitous in Seyfert 1s (but not
QSOs). Origin is unclear (NLR, torus, BLR, outer disc) - needs higher
resolution

• Highly ionised outflows detected in several (high accretion rate?) AGN,   PG
1211+143, PDS 456 and Mrk 766. Also see Chartas talk.


